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UTILIZATICN OF MANGATESE IN CHR SUGEL lurustRye/ 


ime problem of obtaining enough manganese for use in the manufacture of 
steel arpears likely to recur when fatemieepal relationships are ee 
and to become serious at any time when the United States is cut off from its 
customary sumply. Some idea of the problems that arise under war conditions 
may be obtained from a cescrirtion given by Ellicott3/ in 1918 before the 
American Iron and Steel Institute. This condition arises because in normal 
times there is an eccnomic adventage in ee evailadie high-grade for- 
elen ores to the neziect of our own less satisfactory resources. That con- 
siderable low-grade manganese ore anc a much emeller amount of high-grad 
material are available in abe country is well Imown from gseologigal svr- 
veyst/ and has been confirmed by Bureau of Mines investizations. Locations 
of the varicus deposits are indicated in figure 1. ‘The »vossibility of great— 
ly expanding domestic production was actually demonstrated frem 1913 to 1918, 
when the annual vroduction of sae yey from domestic ores rose from about 4 
percent to approximately 35 percent ca of the totel consumption of ferro— 
iInangenese and spiegeleisen, <aAn idea of how aomestic nrocuction compares 
witn total conswantion in tne United States can be cbtainecit fron figure 2, 
taken from the Minerals Yeerboor®/ for 1939. Assuming that it is possible 
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to increase procucticn cf manzancse ores sufficiently tc svuom 

needs, such a rrogram nresumably would require 2 or 4 years, axi the cost of 

production would certainl:y rice consideraoly, for some time at least. For 

i/ The Bureau of Mines will welcome reprinting of this prcsr, srov: ide4 the 
followinz footnote acwxnowlecsment is used: "Reprinte. fron auveau of 


Mines Irformation Cirevlar 7i62. 

2/ Supervising engineer, Metallurgy of Steel Section, Netallurgica: Divi- 
Sion, Bureau of kines. 

3/ Ellicott, oO. B., The Conservation of Mancanese: Am. Iron ani Steel Inst. 

. Yearbook, 1918, poe 2>-3]e6 ue 

4 Healey, M. Ve, ana Johns, £. L., Selected sidlio 
ganese Tenosits of the United States trie 
Circ. 6274, 1930, 19 pp. 

5/ Dean, R. S., DeYaney, Fred D., and Coghill, Will H., Henganese: Its 
Cecurrence, Millinz, and Metallurgy, Fart I: Bureau of Mines inf. Circ. 
6768, 1934, 9% pr. 

6/ Hewett, T. F., Mangarese and Manganiferous Ores: Hineral Resources of 
the United States, pars 1, 1918, pr. 607-655 (see De ale 

7/ Ridgvay, Robert H., and Davis, H. W., Menganese and Mengeniferous Cres: 
Minerals Yearbook, 1939, pp. &77-592 (see p. 579). 

3/ Rideway, Robert H., end Davis, H. W., Work cited (footnote 7), pe 57%. 
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these reasons it has become immortant to conserve manganese, and the sug- 
gestions that have been meade for redvcing the amount required may well be 
reviewed. 


FRASONS FOR USING MATOANESS 


Manganese is used in steel for two reasons: First, because of its 
favorable effect on workability, and second, for its ability to improve the 
product. Good workability enables tne steel to undergo forging, rolling, 
and other processes in the preducer's plant without being torn or otherwise 
damaged. Improvement of tne prosuct refers to the ability of the steel to 
perform satisfactorily under various orerations after it leaves the ,manufac- 
turer's plant end in ultimte use. To these two reasons Ellicott ,o/ with 
Mild and not unreasonable sarcasm, acied a third — the meeting of specifica- 
tions that demend higher percenteges of manganese than are necessary to give 
suitable properties to the finished product. 


The beneficiel effect of manganese in the reduction of ingots to the 
desired shape is well—!mown, and the general reasons therefor are fairly 
well agreed upon, although there is some ccntroversy as to details. The ac-— 
tion of manganese in taking the sulfur away from ferrous sulfide to form 
Manganous sulfide appears to be of major importance. The nature of tne 
first of these sulfides is such that at a certain stage of cooling it works 
out between the grains of Teel ee surrounds them with thin, low—-melting 
envelones of iron sulfide; whereas the second agglomerates into small glob- 
ules dispersed throughout the metal. A niece of steel which contains iron 
sulfide tends to fall apart curing forging because of the lack of cohesion 
between the grains of metal, vhereas one in which tre sulfur is present as 
Menganese sulfide does rot exhibit this undesirable behavior. 


Tie above paragranh does not comletely explain why manganese eliminates 
the hot shortness of steel and vermits it to be rolled without difficulty. 
There is little doubt that the amount of oxygen cresent also has an effect, 
and some investigators, particularly in Germeny, consider it to be the major 
influence. A recent rather Se iy experimental investigation and 
analysis of published data by Norriszt resulted in the conclusion tnat a 


W/ Ellicott, C. R., work cited (footnote 3). 

10/ Some evidence obtained by Urban and Chinman (Urban, Stephen F., and Chip-~ 
man, John, Nonmetallic Inclusions in Steel: Trans. Am. Soc. Metals, 
vol. 23, 1935, poe GU5-671) ord also Wohrnan (Wohrmen, C. R., Inclusions 
in Iron: Trans. Am. Soc. Stcel Treat., vol. 14, 1928, pp. 81-125, 255-. 
299, 385-414) indicates thet ferrous sulfide lies in the boundaries be-— 
tween the original dendrites but does not have e very definite relation~ 
shin to the boundaries of the ferrite grains. 

It. may be noted thet in cormercisl steals the sulfides usually have some 
oxides associated with them. For example, iron suifide is combined with 
-a considerable proportion of iron oxide. 

11/ Norris, Frank G., Factors Affecting Red-shortness: Jour. Iron and Steel 

Inste, vol. 138, 1938, po. 75P-29P. 
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steel in which the percentages of oxygen and sulfur are such that the ratio 


Mn + 0.048 
S + 0.130 


is greater than 6.63 is never red~short; if this ratio is less than 3.30 
the sample is always red-short; and if its valve is intermediate the heat 
treatment of the samole determines the existence of tne red-short condition, 
In this expression the chemical symbols renresent the weisht percentages of 
tne corresponding elements. 


The second reason for using manganese obviously refers to its employ— 
ment as an alloying element. Nanganese is commonly used in steels to impart 
certain properties desired by the fabricator or the ultimate consumer, but 
the »roduct is not considers en alloy steel wntil the content of this ele- 
ment reaches 1.65 percent. An example of such use is tne addition to low— 
carbon sheet steel of 0.20 percent more manganese than the 0.15 to 0.20 per— 
cent required to insure good behavior in rolling. The additional amount 
eliminates the likelihood cf tne so-called "orange-peel" surface after a 
drawing operation and thus improves the quality of the finished product. 


The two reasons outlined — to insure proper ductility under hot working 
at all temperatures anc to improve the character of the steel for specific 
purposes —- constitute tne arsuments for using manganese. ‘They are not the 
only reasons, however, as the nresence of manganese oxice in the furnace 
slag must be considered during melting operations, so that a difference in 
the amount of manganese charzec presumably cemands somethmat changed proce- 
dures in handling the furnace. Because of the lack of azreement concerning 
the function of marganese in the furnace this matter will not be considered 
further, ,References cutee subject may be found in recent articles by 
Lawrie, L3/ Diepschlag,l4 and others. 


CONSU:E TION OF MANGANZSE 


The total consumption of manganese in the steel industry can be esti- 
mated reasonably well, but kmowledge cf the amounts consumed in the various 
ferrous products is less accurate. It is particularly difficult to specify 
how much material is used to make rolling possible and how much is employed 
to improve the character of plain carbon steels. A rough idea may be gained 
by noting the approximate amount cf manganese used in all classes of steel 
and arbitrarily assigming some fraction as being essential to insure proper 


le/ This figure is an arbitrary one but has deen adopted by the American 
Iron and steel Institute and is accented by the industry generally. 
see American Iron and Steel Institute, Steel Products Manual, sec. 9: 
New York, July 1940. 

13/ Lawrie, YW. B., The Refining of Metal in the Basic Oren-hearth Furnace: 
Jour. Iron and Steel Inst., vol. 139, 1939, poe 257F-280F. 

14/ Diepschlag, E., Des Mangan in der Stahlerstellung (ianganese in the 
Manufacture of Steel): Metallwirtschaft,. vol. 17, 1938, pp. 1299- 
1302. 
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rolling characteristics. Frobably because so often more manganese is added 
in greater quantities than will just suffice to insure suitable working 
properties in the manufacturer's plant, little information is available as 

to the minimum amount necessary for this purpose. Furthermore, the nercent— 
age is net the same in all slants. A modern mill with first-class heating 
equinment can roll material containing slightly less manganese, other fac- 
tors remaining the same, then can be handled with an older type mill with 

' poor heating arrangements. As the present problem primarily concerns the 
consumption of manganese-containing addition sudstances, estimates of amounts 
used will refer only to the manganese added at the end of the heat. 


ee ies steel may be rolled ccnsistently if it contains 0.18 percent 
manganese or perhaps even a little less in some cases. Since the residu- 
al manganese in a heat of such steel may be approximately 0.10 percent, prob 
ably 0.08 percent must be added as a minimum. On the other nand, for some 
types of killed steels addition of 0.25 percent manganese above the residual 
amount may be desirable. For ell classes of steel. an average (which, it 
should be emphasized, is only « very rough estimate) of 0.15 percent will be 
assumed. In 1937 the tS output of steel ingcts was slightly more than 
50',000,000 gross tons.=2/ In view of the above assumptions the round number 
is accurate enough for the purpose. On this basis 75,000 tons of manganese 
was required to make this quantity of steel workable. 


The total amount of manganese consiuned in the form of ferromanggnese 
and spiegeleisen in 1937 was, in round numbers, 350,000 long eM Ge 
which approximately see T8] tons was furnished by ferromanganese and the re- 
mainder by spiegeleisen. the assumption of an average loss of 25 per- 
cen in making the additions indicates that about 255,000 toms of manga- 
nese actualiy entered tne steel. Of this total amnornt, cue 75,000 tons, 
or about 28 percent, was used in maicing the steel workable. If this conclu- 
sion is put in round numbers, the analysis indicates that somewhat less than 


No manganese eat ell is added to Armco ingot iron and low metallcid heats 
in general. Furthermore, such heats contain very little residual man- 
ganese. They are rolled in a retner special way to avoid trouble from 
hot-shor tness. | 7 , 

16/ Ridgway, Robert H., and Davis, H. W., Iron Ore, Pig Iron, Ferro-alloys, 

and Steel: Minerals Yearbook, 1938, pp. 479-523 (see p. 519). 

17/ Ridgway, Robert H., and Davis, H. W., Manganese and Mangeniferous Ores: 
Minerals Yearbook, 1938, ppe 525-539. 

18/ Apparently some 75,000 long tons of manganese was elso contributed by 
high-manganese iron ores used in making pig iron, since, according to 
the Minerals Yearbook (p. 536) 1,185,C00 long tons of domestic ore con— 
taining 5 to 10 percent manganese and 836,000 long tons of domestic ore 

‘containing 2 to 5 percent manganese were shirped during that year. Prob- 
ably some of the pig iron made from this ore was used in recarburizing 
steel, but the major portion was in iron charged into steel furnaces. 

19/ Some metallurgists with whom the point has been discussed believe this 

estimate is too low and that the loss should be stated as 30 percent or 

even more. ‘he rounded figures mentioned later in the paragraph actual- 
ly correspond to a slightly higher loss. 


S081 ey |e 


Google 


Te Oe Vibe 


one—third of the manganese is used for the benefit cf the producer of steel 
and a little more than two thirds in improving the character of the steel 
for the benefit of the user. 


Relatively little manganese is consumed in products classed as alloys. 
In this group may be nut, besides the steels containing more than 1.65 per- 
cent manganese, Hadfield steels (11 to 14 percent manganese) and cast steels 
and cast irons containing added manganese. This group is not large and for 
practical purposes may be ignored, as it probably does not consume more than 
4 or 5 percent of the mangenese used in the steel industry. The consumption 
of manganese in Hadfield steels, for example, may not have exceeded 5,000. 
tons in 1939. 


MANGANESE-CONTAINING PRODUCTS NOW USED OR AVAILABLE TO THE INDUSTRY 


Various manganese products are available for use in deoxidation work. 
For conciseness these are listed below in the order of their manganese con- 
tent: | 


1. Electrolytic manganese and manganese metal (95 to 98 percent man-— 
ganese) » 


2. Ferromanganese (and silicomanganese). 


3. Spiegeleisen (and silicospiegel). 
4, Manganiferous pig iron. 


Electrolytic manganese is a recent product2O/ » 21/ with an actual man~ 
ganese content probably in excess of 99.9 percent and with practically no 
phosphorus and very little sulfur. Fortunately. it can be made from relative- 
ly low-grade ores, but at present production is not on a scale to furnish 
large amounts to the steel industry. So far tne cost of the material has 
been somewhat higher than an equivalent amount of manganese in the ferro~al- 
loy form. Whether, in event of restricted imports and resulting rise in 
prices for other varieties and lowered costs incident to larger-scale produc- 
tion, the situation might change cannot be predicted now. Experiments by the 
Jones & Laughlin Steel Corporation have indicated that tne electrolytic pro- 
duct behaves essentially the same as ferromanganese in open—hearth dtecl 22) 
Use of this product would logically be in the comparatively small tonnage of 


20/ Shelton, S. M., Royer, M. B., and Towne, A. P., Progress Reports - Metal-— 
lurgical Division, 23. Electrometallurgical Investigations, Electro- 
lytic Manganese: Bureau of Mines Rept. of Investigations 3406, 1938, 
pp. 3-16. | 

21/ Eee William L., Electrolytic Manganese, A New Metallurgical Raw 
Material: Steel, vol. 105, No. 18, October 30, 1939, pp. 42-5. 

22/ Banta, H. Me, Comparison of Electrolytic Manganese with the Regular 
Ferro Grades for the Production of S. A. EH. 1035 Steel: Jones & Laugh- 
lin Steel Corporation, Research and Development Div., Rept. 90-Ho, 1940, 


6 pp. 
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low-carbon, high-manganese products, where it would have an economic advan- 
tage because of the furnace time saved in not having to reduce the carbon in 
the heat to compensate for that added with the ferromanganese. 


Manganese metal containing 95 to 98 percent of the element is a thermite 
product that hitherto has been unable to compete economically with ferro man— 
ganesee The commercial product contains about 1 percent of either silicon or 
aluminum, or both. | 


Ferromanganese is an alloy of approximately 80 percent manganese with 
about 16 percent iron and carbon up to about 6 or 7 percent, depending on the 
method of production. It is the material usvally made from high-grade man- 
ganese ores or concentrates that, for the most part, are imported, and it is 
probably the most convenient form in which to add manganese. To avoid the 
addition of carbon to low-carbon, high-manganese steels an electric—furnace 
product containing much less carbon than the usual blast-furnace alloy is 
sometimes used. However, consumption of the former substance is small. Its 
cost is perhaps twice as great as that of the alloy made in the blast furnace. 
For certain killed steels silicomanganese with the approximate commosition 
65 to 70 percent manganese, 12 to 25 vercent silicon, and 1.2 to 2.5 nercent 
carbon is preferred. Ferromanganese has the distinct advantage over other 
forms of manganese alloys that considerable percentages of manganese (perhaps 
as much as 1.5 percent) can be introduced in the ledle without cooling the 
steel excessively. It is of interest to note that. during the first, World 
War the manganese content of ferromanganese was permitted to drop as low as 
60 percent. 


Spiegeleisen is the other form of alloy commonly; used for introducing 
manganese. It usually contains about 20 percent of the element (a 27—percent 
grade also is on the market), although in 1913 a product with as little as 
16 percent was considered acceptable. ‘he rest of the alloy consists of iron 
plus about 5 percent carbon and perhans 0.5 percent silicon. ‘The fact that 
about 148,000 tons was produced and imported in 1936 indicates its current 
use. At present much the larger proportion of spiegeleisen is made from do- 
mestic ores. Silicospiegel, which contains perhaps 25 to 30 nercent manga-~ 
nese and 7 to 8 percent silicon, finds limited use in the industry. 


Spiegeleisen is a satisfactory substitute for the ferro-alloy in making 
additions of manganese, provided that the accompanying elements, such as 
carbon and phosphorus, are consistent with the grade of steel being made. 

For example, spiegeleisen as a recarburizer for rail steel replaces pig iron 
@s a source of carbon and ferromenganese as a source of manganese. Difficuvl- 
ty resulting from cooling the steel by too large an amount of cold spiegelei- 
sen either in the furnace or in the ladle may be avoided by preheating or 
premelting the added material. 


The manganiferous pig iron with perhaps 5 percent manganese can be used 
for additions when the amount required is not too great or may be supple- 


mented by the use of ferro manganese. For additions in the ladle this sub- 
stance may be used in the molten condition. 
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METHODS OF ECONOMIZING IW THS USE OF MANGANESE 


A variety of schemes have been presented for reducing the amount of 
Manganese required for the production of satisfactory steel. These sugges— 
tions may be divided into tne following classes: 


ae Economy in use of amount of manganese. 


be Economy in use of high-grade manganese by substitution of low- 
grede material. 


Ce Substitution of other deoxidizing agents. 


d. Substitution of other substances, such as niciel or chromium, for 
strengtaening egents. 


e. Furnace procedures designed to RCcHee the amount of msterial needed. 


Item a is intended primarily to cover the consumption of manganese in 
steel used for purposes for which material of lower q quality would serve 
equally well. In other words, it refers to the manzane s e used to meet speci- 
fications. The amount involved at_wresent is probably considerably less than 
the quantity about which Ellicott=2’ complained, but a survey of the uses to 
which certain vroducts are pvut would probably result in some saving. ‘The 
use of sligntly higher carbon contents no doubt would offset the lower per- 
centages of manganese in certain rrodu gt without detriment to structures in 
which the material was used. Ellicott? sugssested that wnen possible rim- 
med steel be substituted for tne killed product as less manganese is required 
in the manufacture of tie former. As the use of rimmed steels has exnanded 
considerably in recent years the opportunities for saving manganese by this 
suostitution are limited, but the point is wortn remembering. 


The methods of economizing included in item b evidently do not involve 
so much a saving in manganese metal as a change in practice to maxe use of 
available material. During the first World War it wes frequently necessary 
to substitute spiegeleisen for ferromanganese. Furthermore, mangeniferous 
pig iron was often substituted for spiegel in recarburizing work. 


Most recently Hertyet/ proposed use of a silicon—containing splegelei- 
sen of the composition 20 percent manganese, 4 percent silicon, 4.25 percent 
carbon, and the remainder iron and also of a special alloy containing 30 per- 
cent manganese, 5.5 percent silicon, and 2.5 nercent carbon, both of wnich 
can be manufactured from ores available in this country. Such agents could 
not be used for ali types of steel but couid replace a large nrovortion of 
the ferromanganese and silicomanganese now being used. The heat of reaction 
of the silicon present in this allov should compensate somewhat for the 


Ellicott, C. R., Work cited (footnote 3). 


24 / Herty, C. H., Jr, A Fractical Method of Solving the Emergency Manga- 
nese Problem: Buream of Mines Rept. of Investigations 3107, 1931, 7 pp. 
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chilling effect of the eddition and permit its use in the cold condition in 
greater quantities. Furtnermore, because of the action of silicon on tne 
oxygen in the bath the losses of manganese snould be less tnan for ordinary 
splegeleisen. An estimate of the potential tonnage of spiegeleisen of this 
type that could be obtained from the Cuyuna re oe was calculated by Herty 
from data published by Joseph, Barrett, and Wood. This information is 
repeated here as table l. 


TABLE 1. — Potential spiegel production from Cuyunal ores 


rotential Analysis of splegel, percent 
tonnage of 
Group spiegel Fe cl/ 
Black pregee! 
5 ar ay EE Seer arene 1,023,000 ' 19.17 0.13 76.20 U5 
2s Ne eetrarateis tanasariecs 352,000 31.95 018 5-31 ues 
2S Pieceeomeondeuees 208,000 30.90 2 30 +. 30 U5 
Oeste dates seocnausegahs 165,000 29.19 o31 64.20 45 
Total and weighted , 
AVETALCosecscccscee 1,748 ,0C0 23.97 01S Tig? 45 
Brown ores: 
So seine ce tatoos 6,430,000 14.07 | 053 0.50 Ws 
oe ee 738,000 16.26 | 029 78.95 Wes 
BB siete suite ee 1,185,000 16.85 | ot 78.17 U5 
; Ciiceseusce wees 118 ,C00 16.79 «66 78.05 Ue5 
er ee nee wel 175, G00 22.64 | 039 72.47 4.7 
Total and weighted 
; 50 60.10 45 


AVETAZC es eee eeee os 8,546,000 | 14.50 


1} Assumed carbon content. : | 


2/ Includes only ores containing less than 20 percent silica. 


As may be seen from this table, the ores in tne Cvynsa district alone are 
sufficient to provide mangenese alloy of these graies for a considerable per~ 
Lod. 


In discussing item c, relating to the substitution of other deoxidizing 
agents, the point may well be emphasized that manganese is more important 
for its ability to render ineffective the bad cheracteristics of sulfur in 
rolling and forging operations than for its deoxidizing power. There are a 
number of agents, of which silicon is an example, that are more effective 
deoxidizers than manganese. Eowever, silicon is not a substitute for manga- 
nese because it does not remove the harmful effects of sulfur. Of the vari- 
ous substitutes that have been reported, zirconium end titanium appear tc 
have the greatest possibilities. 


25] Joseph, 7. i. Barrett, B.P., and Wood, 0. E., Minnesota Hanganiferous 
Iron Ores in Relation to the Iron and Steel Industry: Trans. Am. Inst. 
Min. Met. Eng., vol. 75, 1927, pp. 292-335. 
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A brief résume of investigations relating to the production of steels 
te on)” Se appeared some time ago in an editorial in Metal Pro#j 
STESSe= Feilas apnears to have been tne first to cemonstrate that zir- 
conium has a strong tendency to combine with sulfur. Ee concluded that zir- 
conium formed a sulfide with the plastic nronerties of manganese sulfide, 
but Urban and Chipman2é/ believe thet simile zirconium sulfide forms angular 
inclusions. The latter authors did not disvute oe of satis— 
factory workability when zirconium was added. Ritchie also found a bene— 
ficial effect on adding zirconium alloys to his rather snecial comositions. 


Titanium (ferrotitanium, ferrocarbon titanium) is used in the metallur- 
gical industry in a number of ere) 1/ for exemple, in the production 
of non-aging sheet steel. e Lixe zirconium, it has a strong affinity for 
sulfur, oxygen, and nitrogen. Little has been published on the exact be- 
havior of titanium wite respect to sulfur. Information made available by 

F. G. Norris in a personal communication indicates that in certain types of 
steels satisfactory rolling oroperties can be obtained by the nercent—for- 
percent substitution of titanium for manganese. Because of the vigorous re- 
action of titanium with o:yrzen the sum of the percentages of manganese and 
titanium ordinarily need not exceed 3.5 times tne percentage of sulfur to 
sive workable material. 


From the yurely tecanical point of view both zirconium and titanium 
appear to have some possibilities as substitutes for manganese, although 
both seem to be excluded for this zurnose in rimming steels, as they would 
produce a killed steel before taxing care of the suifur. However, the cost 
of @ither ferro-alloy (which is not a serious matter in amounts in which they 
are generally used) would be high upon such a basis as noint-for point sub- 
sitution for manganese. Wren tnis report was written, tne cost per pound of 
contained zirconium wasat least four or five times that of manganese, and 
titanium was somewhat more expensive. Another point to note in this connec-— 
tion is that present supplies of zirconium are predominantly immorted and that 
part of the titanium also is of foreign (largely Canadian) origin. Domestic 


wetal Prozress, Ductile Steel Made Without Manganese: Vol. 19, June 19341, 
ppe 69-70. 

27/ Feild, Alexander I., Some Effects of Zirconium in Steel: Trans. Am. Inst. 
Min, and Met. Eng., vol. 69, 1923, po. SUS-853. Effect of Zirconium on. 
Hot-rolling Properties of High-sulfur Steels and the Occurrence of Zir- 
conium Sulfide: Trans. An. Inst. Min. and Net. Eng., vol. 70, 1924, pp. 
201-217. 

28/ Urban, Sterhen F. and Shipman, John, Work cited (footnote 10). 

eg/ Ritchie, S. B., Steels Made Without Manganese: Metal Progress, vol. 20, 
Sevtember 1971, pp. 35-39, 118. 

30/ Comstock, George F., New Role of Titanium in Steels and Alloys: Metal 
Progress, vol. 27, January 1935, op. 36-41. 

31/ A number of references to very recent work are contained in a booklet by 
the Titanium Alloy Mfg. Co., Titanium and Its Use in Steel: Niagara 
Falls, N. ¥., 1940. 

32/ Hayes, Anson, and Griffis, R. 0., Nen-eging Iron and Steel for Deep Draw- 

ing: Metals and Alloys, vol. 5, 1934, pp. 110-112, 
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sources probably could supply the need for the latter element at some ad- 
vance in price. 


The substitution of other strengthening agents for manganese (item 4d) 
can be considered very briefly. ‘The manganese used as an alloying element 
can obviously be replaced, with satisfactory results, by other elements, 
such as nickel, chromium, or silicon. However, as tne manganese-containing 
steels have found use partly because tney are less expensive than the low- 
alloy types the evidence points to continued use of manganese until its cost 
rises considerably. ‘here seenis little reason to doubt, however, that in an 
emergency such replacements could be made; but consideration should be given 
to the fact that chromium is also a strategic metal and that nearly the en- 
tire sunply of nickel comes from Canada. 


With respect to item e, dealing with the conservation of manganese in 
open~hearth-furnace operation, Kinney commented on the fact, well known 
to steel men, that certain basic furnace procedures, particularly the em | 
ployment of high-manganese pig iron or the addition of manganese in some 
other form to the charge, make possible retention of a hign-residual manga-~ 
nese and thus reduce the amount of the ferro-alloy to be added at the end of 
the heat. ‘The use of small slag volumes and delay in addin imestone were 
recommended for this purpose by Bardenheuer and Tianheiser. ‘/ Bardenheuer 
and G. Henke have described a number of precedures in handling molten 
steel which they assert permit small savings of manganese; an example is the 
tilting of the ladle in such a way as to avoid turbulence as the steel is 
being run in. Other possibilities that might be considered are the reduc 
tion of sulfur in the pig iron (hot metal) by means of soda ash or some 
equivalent procedure and its elimination from the incoming fuel. ‘The smaller 
amount of sulfur introduced into the furnace should require less manganese to 
render it harmless. 


CONCLUSION 


The above analysis indicates strongly the use of manganese alloys mace 
from low-manganese ores as the most satisfactory method of compensating for 
an insufficiency of ferromanganese of customary grade. Reduction of the 
anount of manganese in the specifications is possible in some instances, but 
for the most part the change would involve either a lowering of the physical 
properties of the steel or the use of some deoxidizing or alloying substance 


Kinney, Ce Lo, Jr., Economic Significance of Metalloids in Basic Pig 
Iron in Basic Open—hearth Practice: ‘Trans. Ame Inst. Min. and Met. 
Eng., vol. 70, 1924, pp. 136-170. 

3u/ Bardenheuer, Peter, and Thanheiser, Gustav, Weze zur Mangaaersparnis 

beim Siemens-Martin-Verfehren (Methods of Saving Manganese in the Oper-— 
ation of SiemenseMartin Furnaces): Mitt. Kais. Wilh. Inst. Eisenforsch., 
vol. 20, 1938, pp. 67-75. 

35/ Bardenheuer, P. and Henke, G., Vermeidung von Hanganverlusten beim Sie- 

mens~Martin-Verfehren (Preventing tne Loss cf Manganese in the Open- 

hearth Process): Mitt. Wilh. Inst. Hisenforsch., vol. 21, 1939, pp. 

243260. : 
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at least as expensive as manganese and perhaps more difficult to obtain. 
Furthermore, operation witn decreased inanganese would be likely to require 
some change in practice and perhaps involve some delay. 
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